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neurons in the knockout mice, and the results are simi-
larly interesting and thought provoking. Previously, it
has been shown that nicotine increases both firing rate
and bursting in dopamine neurons. However, closer in-
spection using their new categorization scheme shows
that, in fact, LFLB neurons increase their firing rate, but
not bursting activity. Neurons in other modes increase
both firing and bursting. Interestingly though, most neu-
rons do not switch mode. For example, although most
LFLB neurons increase firing in response to nicotine,
they remain within the boundaries of the LFLB mode.
What about the knockout mice? First, nicotine has no
effect on firing rate or bursting in b2 knockout mice.
This is consistent with the suggestion that the b2 sub-
unit is essential for dopamine neurons to switch into
any of the more excitable modes. The results for the
a7 knockout mice are more complex and challenging
to interpret. In these mice, nicotine still increases firing
rate, although to a lesser degree than in wild-types, but
it has no effect on bursting. Again, closer examination
of individual neurons is revealing. It turns out that
around half of the neurons increase their firing rate
and/or bursting and half decrease their firing rate and/
or bursting. This is at least consistent with the notion
put forth earlier in the paper that a7-containing nAChRs
are involved in the ‘‘fine tuning’’ of dopamine neuron
activity. What this really means in terms of detailed
underlying mechanisms remains to be determined, but
we are for now presented with some food for thought.
Implicit in the authors’ theorizing is the idea that dopa-
mine neurons can move between all four modes of activ-
ity. One alternative possibility, however, is that there are
functionally distinct subgroups of dopamine neurons. It
may be, for example, that one subgroup always exhibits
LFLB, whereas a second subgroup can be in one of the
three more excitable modes. It is conspicuous that in
most cases individual neurons do not switch mode in re-
sponse to nicotine. Here, parallels must be drawn with
the nAChR expression literature (e.g., distinct subtypes
of dopamine and GABA neurons can been seen by their
distinct expression profiles of different nAChR subunits
[Klink et al., 2001]).
Where next? Perhaps the most pressing challenge for
the future will be to resolve the role of a7-containing ver-
sus other nAChRs in more detail. Although a7 subunits
are only a minority among the diversity of nAChR sub-
units expressed in the VTA, their role in the regulation
of dopamine neuron physiology seems intriguing—
how does this relate to the effects of a7-containing
nAChR on glutamate release? It will also be important
to understand their role not just in the regulation of do-
pamine neuron activity, but also in terms of the behav-
ioral effects of nicotine. For example, despite the conse-
quences of the a7-subunit deletion on the physiology of
individual dopamine neurons, a7-subunit knockout mice
nevertheless continue to show nicotine conditioned
place-preference (Walters et al., 2006). And what of the
other subunits, (e.g., a3, 4, 5, and 6), in the choreography
of nicotinic cholinergic function?
One final point that is worth keeping in mind is that
ultimately the actions of dopamine neurons are effected
through dopamine release. Recent studies have shown
that the direct modulation of release by nAChRs at
axon terminals is also powerful and sophisticated (Rice
and Cragg, 2004; Zhang and Sulzer, 2004), and, there-
fore, a full understanding of how ACh modulates the
dopamine system will require an integrated approach
across many fields. Nonetheless, this study represents
an important step in the right direction and, more gener-
ally, a stimulating illustration of what can be achieved
by combining traditional experimental approaches with
modern molecular biology.
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816Sparse Encoding of Natural Scents
Natural scents aremixtures of tens to hundreds of indi-
vidual chemical compounds. While previous studies
have investigated how the olfactory bulb responds to
simple odorants, how the nose and the brain respond
toandinterpretcomplexmixturesis lessclear. Inapaper
in this issue of Neuron, Lin et al. combined gas chro-
matography and intrinsic signal imaging to examine
the responses of individual olfactory bulb glomeruli in
themouse to natural odors and their component parts.
Previews
817The real world is too complicated.or is it? In the history
of neuroscience, the skilful design of simple artificial
stimuli, a single moving spot of light, a vibration at
a unique frequency, a decoy with a colored stripe, has
led to tremendous insights into how the brain interprets
the outside world. Furthermore, it brought the promise
that the merging of increasingly complex features would
lead to a better understanding of how the brain pro-
cesses realistic stimuli, by following the hierarchical pro-
cessing of sensory information. However, setting aside
the traditional reductionist approach and the notion
that natural stimuli display intractable complexity, fear-
less experimentators have began to expose their favor-
ite animal model to the replica of natural stimuli, such as
the recording of animal vocalizations or the movies of
realistic visual scenes. Remarkably, the neural response
to complex and behaviorally relevant stimuli shows that
the sensory processing of natural signals is both quanti-
tatively and qualitatively different than the mere sum of
their simple constituent features (Nelken, 2004; Kayser
et al., 2004). Simply put, millions of years of evolutionary
pressure have enabled the brain to readily respond to
objects commonly encountered in the environment
and provided advantageous shortcuts to the systematic
dissection of all individual features.
Thus, although somehow controversial (Rust and
Movshon, 2005), the notion is emerging that the use of
complex natural stimuli will be instrumental in uncover-
ing basic principles of sensory processing. Further, one
can argue that results obtained using simplistic experi-
mental stimuli have occasionally helped to muddy the
water in some fields of sensory neuroscience. No better
illustration of this point can be found than in the study of
olfactory processing. The discovery of a large gene
family encoding olfactory receptors (OR) and its logic
of expression, including the choice of a single OR
gene by individual sensory neurons, and the conver-
gence of axon terminals from all neurons expressing
the same OR to one or few glomeruli have lead to the
early prediction that odor quality is encoded by the
activation of defined and restricted sets of glomeruli
(Ressler et al., 1994; Vassar et al., 1994). Functional
studies aiming at capturing the response of single olfac-
tory neurons and individual glomeruli to simple chemical
compounds largely supported this prediction. However,
one noticeable caveat became increasingly difficult to
ignore: even simple chemical compounds, for example
molecules containing a short hydrocarbon chain and
few functional groups such as alcohol, ketone, or alde-
hyde motifs, generate specific but widespread re-
sponses that encompass surprisingly large subsets of
receptor types and corresponding glomeruli (Malnic
et al., 1999, Meister and Bonhoeffer, 2001; Rubin and
Katz, 1999; Uchida et al., 2000). A direct extrapolation
to complex chemical cues, for example those encoun-
tered in food, plant, or animal odors, would therefore
predict the recruitment of large and overlapping frac-
tions of receptor types and corresponding glomeruli in
the representation of natural scents, which are each
composed of hundreds of constituent chemicals. Ac-
cordingly, the amazing specificity of olfactory recogni-
tion—humans are thought to be able to identify over
400,000 distinct odors (Mori et al., 2006)—requires the
ability for the brain to discriminate large and complexcombinations of glomerular activities, a process that
could be facilitated by extensive inhibitory interactions
between glomeruli.
A remarkable study by Lin et al. (2006) (this issue of
Neuron), based on the study of glomerular responses
to natural scents, suggests a simpler and more straight-
forward model for the representation of complex chem-
ical stimuli. The authors have monitored the response
of individual glomeruli on the dorsal surface of the
main olfactory bulb of the mouse when the animal is
exposed to a variety of natural odors, such as season-
ings (cumin, cardamone, garlic.), food (fruits, cheese,
coffee), and animal odors (urine from various species).
Surprisingly, only 23 out of the 60 stimuli tested were
able to evoke activity in any of the 200 glomeruli moni-
tored in the study. Moreover, very little overlap was
observed among the glomeruli activated by any of
the potent stimuli: from the 50 distinct glomeruli acti-
vated across all odors, only one-quarter responded to
more than one stimulus. Most fruits, for example, gen-
erated no response in the area of the glomerular layer
observed, while peanut butter activated three to four
glomeruli and coffee evoked responses in over ten
glomeruli. Thus, in contrast to expectations set by the
study of simple artificial chemicals, glomerular re-
sponses to complex natural odors are remarkably
sparse (Figure 1).
The sparse representation of complex odor mixtures,
each composed of over a hundred compounds, may
arise from the simple sum of the activity of few dominant
chemical cues or result from inhibitory interactions be-
tween large sets of responsive glomeruli. Direct com-
parison of glomerular responses to natural stimuli,
such as glove, cumin, and coffee, and to their fraction-
ated constituents suggests that the additive response
to few individual components largely recapitulates the
response to the original complex stimulus.
Although the study from Lin et al. monitors activation
of only a small portion of the glomerular layer, these re-
sults have far reaching implications for the analysis of
olfactory coding. The first lesson to be learned is the
importance of stimulus concentration: the sparseness
of glomerular responses to odors at natural concentra-
tions contrasts with the widespread receptor activation
in response to artificial chemicals presented at arbitrary
concentrations, providing a clear guideline for future
research in the field. Further, animals have selected to
respond to few salient features among complex sources
of odors, a theme already put forward by the late Larry
Katz and his group describing the restricted response
to mouse urine and body odor (Lin et al., 2005; Luo
and Katz, 2004) and here further explored with a large
set of natural scents. The specificity of glomerular
response to few relevant chemicals presented at physi-
ological concentrations predicts that the animal odor
space may be more restricted than anticipated. An
amusing detail of the present study indicates how the
ever resourceful humans may have found a way to es-
cape olfactory poverty: in several instances the
authors show that treatment of natural odorants by
high temperature increases the number of olfactory
salient features, a well known foundation of the very hu-
man specialty of cooking (McGee, 2004; Wrangham and
Conklin-Brittain, 2003).
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ural Scents
Natural odorant stimuli, such as those pro-
vided by food or drinks, are composed of
hundreds of individual chemical compo-
nents. The recording of glomerular activity
in the olfactory bulb of animals stimulated
by natural odors shows that the representa-
tion of complex scents involves only few glo-
meruli per odor. In their study, Lin et al. show
that this spare representation results from the
activity of few salient chemical features pres-
ent at low concentrations in complex natural
odor signals.Catherine Dulac1
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